Abstract: Satellite image enhancement suffers from edge localization and distortion of detail. A novel satellite image enhancement is presented which enhance the edge detail as well as a quality of low-resolution satellite images. In the proposed approach, we improve and preserve the edge detail of a significant region using particle swarm optimization and fuzzy logic in the high spectral region. Further, the fusion of detail images is performed to conquer the limitation of intensity distortion and over saturation in the region using an estimation of weights. The magnitude of weights is estimated by fuzzy membership functions to extract optimal spectral information. The measure of enhancement and contrast assessment function criterion are used to examine the performance of proposed method in comparison with other two recent techniques. 
PUBLIC INTEREST STATEMENT
Satellite images have a wide range of different applications like metrology department, disaster management and are needed to be enhanced both in terms of edges and resolution so that the enhanced image looks better in terms of various performance metrics. Thus, we need a method that extracts the useful information and performs its proper analysis, identification, classification, and processing. There are a number of existing algorithms that enhance the features of the image. But it is observed that by employing existing algorithms of the enhancement, edges are not preserved or retained. Hence, the loss or distortion of the important information of an image had occurred. For this reason, the proposed method is presented that preserves the valuable edge information as well as perform image enhancement and resulted image may be used efficiently in different analysis applications.
Introduction
Satellite images carrying valuable information about the Earth. The objective of information analysis is to give details about those properties which are used in different applications. The information associated with edge localization is difficult to analyze by the human visual system. The solution of the problem can be solved using enhancement technique. It provides more significant information which is useful in various applications. There is a requirement of detail information in the satellite image. Poor quality can lead to incorrect identification or inexactness of the characterization of defects. But defects are difficult to remove with conventional enhancement process. This implies that it is important to make the best use of the information obtained from available satellite image enhancement. In this case, a reliable quality enhancement technique used which combine the output of high frequency region. Generally, image enhancement methods manipulate the pixel information according to the application. There are the number of enhancement methods exist but one method is more suitable for a particular type of satellite image. Like a method is useful for the enhancement in the lower frequency region, may not be the best candidate to enhance the edge details present in the original one. In order to improve the low-resolution image, it becomes essential to use image enhancement methods that often cause the distortion in edge information. The combination of the traditional approach with preserving of edges is a challenging task.
There are different enhancement technique which may involve enhancing the shapes and structures of the satellite images (Acharya & Ray, 2005; Gonzales & Woods, 2010) . These techniques can be classified in spatial and frequency domain. The frequency domain method used transforms techniques like Fourier. The spatial domain techniques operate directly on the pixel or group of pixels. These groups of pixel operation applied on the whole image. The point operation techniques like contrast stretching, gamma correction, bit plane slicing, and histogram equalization behaves nonlinearly (Bhandari, Kumar, & Padhy, 2011; Kim & Paik, 2008) . Both the domain is used in discrete wavelet transform (DWT) at different frequency band. The histogram equalization along with DWT is used by Anbarjafari (2011) and Demirel, Ozcinar, and Anbarjafari (2010) . This operation loses the edge information of the enhanced image. In order to preserve the edge information a correction factor called gamma correction or power law operator is used in lower region of wavelet transform (Sharma & Verma, 2014) . This value of gamma sometime enhanced the lower region but the edges of this region are not revealed. Due to the use of contrast enhancement techniques the higher frequency region shows blurring effect. Satellite images contain the information of a different region in which edge information is required to preserve.
Generally, the image obtained after enhancement suffers from the uncertainty of the edge information. Thus, researchers observed the necessity of considering the improvement of the uncertainty present in an edge of the image (Sharma & Verma, 2017; Verma, Hanmandlu, Kumar, Chhabra, & Jindal, 2011) . This may achieve by utilizing the Fuzzy set theory which was evolved by L.A. Zadeh in 1965, helps in dealing with imprecise information. The uncertainty in the sharpness of the image is removed by the fuzzy membership function. The membership functions consist of different parameters that characterize membership function. Since the systems based on fuzzy logic are resembled with human decision. It determines the edges whose degree of membership is non-zero. Recently, researcher combines the fuzzy technique with evolutionary algorithms to detect the edges present in captured satellite images (Hanmandlu, Verma, Kumar, & Kulkarni, 2009; Hanmandlu, Verma, Gangwar, & Vasikarla, 2009; Verma, Kumar, Hanmandlu, & Chhabra, 2012) . Particle swarm optimization (PSO) is one of the mostly used heuristic algorithm to detect edges that enhances low level features from the noisy images for the recognition of simple objects (Khatami, Khosravi, Lim, & Nahavandi, 2016; Khatami, Mirghasemi, Khosravi, Lim, & Nahavandi, 2017; Mostaghim & Teich, 2003; Poli, Kennedy, & Blackwell, 2007; Verma, Hanmandlu, Sultania, & Dhruv, 2010) . Most of the algorithms enhance satellite images but not consider the edge information. Moreover, it suffers from edge localization. The desired value of parameters is computed using fuzzy along with PSO in the proposed work that gives the sharpness and fixed the edges in the significant portion of the satellite image.
In the proposed method, we present a method that enhances the dynamic range of low-resolution satellite image by keeping the maximum possible edges information intact. We improve the significant portion of the contrast and edge details without distorting the satellite image. Here, we used DWT to analyze the image in spatial domain and frequency domain. The PSO-based optimal fuzzy membership functions presented that will provide more detail information of the satellite image.
The contribution of the proposed work is as follows (i) A modified fuzzy membership function is developed to enhance the satellite image keeping maximum edge information locally.
(ii) The effective utilization of PSO optimization to obtain optimal fuzzy edge that ensures maximum entropy present in the enhanced image.
(iii) Furthermore, intensity distortion and over saturation is avoided using the estimation of weights.
The paper is organized as follows. In Section 2, DWT is used to find the details of the image and these details are improved by intensification is explaining in Section 3. The proposed approach is discussed in Section 4. The performance and the results of the proposed approach are shown in Sections 5 and 6 respectively. Finally, conclusions are drawn in Section 7.
Discrete wavelet transform (DWT)
When we applied enhancement operation on the satellite images then, it will distort the high-frequency component. This operation results the smoothing of image but the edge details are not fixed as a consequence of these operations. Hence, there is a need to improve the quality of the satellite image in a way that it must preserve the edges intact. In this paper, DWT has been employed to bifurcate the image into different frequency components. DWT separates the image into different subband images, namely LL (low-low-frequency subband), LH (low-high-frequency subband), HL (high-low-frequency subband), and HH (high-high-frequency subband) as shown in Figure 1 . HH subband contains the high-frequency component of the image. The unquantized low-resolution image is used as the input for the proposed enhancement method. There are researchers which use the low-frequency subband images for pixel manipulation.
The LL band contains the lower frequency part of the original image. It has been found that edges of the lower part of the region being smoother. Therefore, we have been used high-frequency region or HH subband of the image, which contains high-frequency information of the original captured satellite image (Shamna, 2014) . Here, we are using histogram equalized image whose edges are not preserved due to the enhancement operation. In order to preserve more edge information fuzzybased particle swarm-based optimization proposed in HH subband, i.e. main objective is to sharpen as well as enhanced the satellite image. Figure 2 shows the block diagram of proposed approach in which high-frequency subband is used. The lower frequency part of input satellite image and the histogram equalized LL image are highly correlated. The difference between histogram equalized image and the low-resolution input image are in their high-frequency components. This approach correct the estimated high-frequency histogram equalized components. This estimation is performed by particle swarm optimized-based edge enhancement in the high-frequency subband. The difference image consists of high-frequency components of low-resolution input image and histogram equalized image, followed by the optimally weighted combination to perform the inverse discrete wavelet transform (IDWT) process. The intermediate process of adding the difference image, containing high-frequency components, generates significantly sharper and clearer final image.
Edge details fuzzification and intensification
The color satellite image subband is converted into Red, Green, and Blue channel subband. The channel matrix, obtained from the spatial domain is transformed into a fuzzy domain using histogram-based Gaussian membership function. We considered the mask of size 3x3 to detect the edges. The mask is place at each pixel location in image at which we compute I that is the sum of exponential of the negative difference between the centrally located normalized pixel intensity with all other normalized pixels intensities present in the mask. The presence of edge may be accomplished by selecting the appropriate value of threshold. But by doing this, in most of the cases it is observed that we do not be able to retain the shape of edges. In particular cases in which the edges has smoother profile we probably do not include, thus, wrongly discarded the presence of edge. To reduce the probability of wrong selection of noise and rejection of the present weak edges, we use Gaussian profile membership function for fuzzifying each grayscale channel subband. We construct a histogram of obtained set of values of I in a selected mask i.e. hist(I) that helps in retaining the shape of edges. The normalized probability p is given by: p(I) = hist(I)/ (Total number of pixels in a mask), where I = 1, … , 9.
The histogram-based Gaussian membership function for fuzzification of the channel matrix is given as: The strong edge detection is performed by finding the minimum value of I i.e. I min . Hence, results obtained with metric of deviation of the I from I min . In this method, we emphasized on the normalized value of moment in place of the variance of I which is generally used in the literature. This makes our method robust edge detection in presence of adverse edges and noise. Since, MF 1 (I) involves only one parameter 2 h and fuzzifier is given by,
Here, x max is the maximum value of I and L is equal to the size of mask. There are regions in the image which suffer from edge localization. Thus, we propose a parametric fuzzy intensification operator (FINT) on fuzzy set generated by MF 1 (I) to enhance the weak edge information by modifying the shape of membership function in accordance with requirement of weak edge detection. Fuzzy measures are considered to assess the strength of weak and strong edges. The fuzzy entropy used to define the objective function for optimization that gives the best selection values required for modification of membership function. The membership function for intensifier is given by:
Hence, by finding the optimum value of four parameters r, t, s and 2 h using PSO getting the best possible edges information present in the satellite images. Here, we arbitrarily chosen is equal to 4. Moreover, parameter "r" represents the center and "t" and "s" controls the shape of bell of membership function. These parameters varies in such a way that it results the positive value of membership function MF 2 (I) and able to extract weak edges significantly.
Fuzzy measures and proposed optimal edge enhancement approach

Fuzzy edge entropy
Fuzzification is the phenomenon; which improves the spatial domain edge information into the corresponding fuzzy domain information. It measures the uncertainty or randomness present in the image is characterized by fuzzy edge entropy. The maximum edge information calculates using Shannon's theorem. This indicates the presence of uncertainty and randomness of the edge in fuzzy domain are given by,
The optimization of fuzzy entropy should result in the desired value of the parameters r, t and s. The range of these constraints is from r ∈ (−2, 0), t ∈ (3, 6) and s ∈ (1, 3).
Objective function for optimization
The proposed approach uses a PSO algorithm for optimization of parameters. The parameters r, t, and s defined in Equation (3) is optimized by the objective function given by
MF 2 (I) = max
J = E + Δ It provides the optimized value of associated with the uncertainty of edge detail. The optimized value of entropy depends on the membership values. The high values of entropy achieve when all the membership values are 0.5. Therefore, the range of Δ is 0.2-0.8. Experimentally, we choose the value of Δ is 0.5 for the pleasant images. We maximize the entropy function in such a way that details information is maximum. The value of each particle in PSO is computing according to the objective function. This means, we will be able to observe details in horizontal direction, vertical direction and in diagonal directions also. PSO is used to get an optimized fuzzy edge map, which is further de-fuzzify to get binary edge map using adaptive thresholding.
Particle swarm optimization
J. Kennedy and R. C. Eberhart introduced the particle swarm evolutionary technique in 1995. This algorithm recently used by different researchers as it inspired from nature. The particle gives their best position on the basis of population experience. In a multidimensional space, each particle updates their solution according to the objective function. Each particle also has memory to keep information of its previously visited space. The PSO algorithm is guided by two factors: pbest and gbest which depends on the movement of the particle in the local and global neighborhood. The PSO algorithm implementation can be summarized as (Poli et al., 2007) .
Step 1: Initialize all particles randomly according to the solution space satisfying the computational load or iterations required to obtain the optimum solution. The particles have random positions and velocities on D dimensions in the search space and initial velocities of a particle in PSO are assigned any random value or set to zero.
Step 2: loop: For each particle, obtain the fitness function in D variables do:
Step 3: Set the pbest i value as the maximum value between the current value and existing pbest i value.
Step 4: Identify the particle in the neighborhood with the best success so far, and assign its index to the variable t.
Step 5: Update the particle velocity using
Step 6: Update the particle position using where X t i is the particle position in the solution space,v t i is the velocity of the particle motion assuming a unity time step, W t is the velocity control coefficient, c 1 and c 2 are the gain control coefficients, r 1 and r 2 are random values generated in the range (Gonzales & Woods, 2010) .
Step 7:If a criterion (i.e. usually a sufficiently good fitness or a maximum number of iterations) is met, then terminate the loop.
Initialization of PSO parameters
PSO generates the range of solution called population according to the objective function given in Equation (5). Furthermore, optimal value finds in this solution space. This value governed by the local and global position of the particle given in Equations (6) and (7). The values of initial parameters are used in the proposed algorithm are as follows (i) The number of swarms swarm_size = 50.
(ii) Maximum number of iterations itr = 80. (vii) Correction factor q = 1.3
De-fuzzification based on adaptive thresholding
We are using optimized parameter results in the edge map for satellite image with fuzzy membership, termed as the fuzzy edge map. The Fuzzy edge map designed a set of pixels that truly belongs to edges only. Therefore, we need to de-fuzzify the fuzzy set to a classical set of 1 and 0. Therefore, a presence of fuzzy edge set is defined which result in the binarized image. The adaptive thresholding decides the presence of an edge in the image. It allows a user to differentiate the high-intensity (membership value) edge from the smooth region which varies with intensity and not the edge in an image. The binarized edge map is obtained by adaptive thresholding which analyzing the membership value of each pixel with respect to the other neighborhood membership values. Here, the thresholding process takes edge values as the input and outputs of the binarized image. Therefore, each image pixel is judged adaptively by the localized criteria. In the context of adaptive thresholding, the value obtained as a result of threshold decision yields a particular fuzzy edge map region, hence resulting in adaptive de-fuzzification.
Fusion of brightness and edge enhanced image in higher wavelet coefficient
The Decision rule is defined to optimize weighted algorithm. We calculate the detail coefficients of the two images. The resulted information formed from the actual combination of coefficients. The optimized weighted algorithm rules has been applied on the images of the same size as the original image, where each edge value is enhanced on the basis of the source image which provides more detail information of the corresponding wavelet coefficients. The conventional approach of combining the images suffers from reduction of contrast. The proposed method used the fuzzy space to estimate the weights of the different combination. PSO maximizes the entropy function, a measure of the edge strength present in an image. This weight is based on the fuzzy membership function at which the entropy of resulted color satellite image gets maximized.
Each wavelet combination of high frequency coefficients corresponding to the source image and histogram equalized image are formed the fused image. The uncertainty in the combination based on the corresponding coefficients becomes the most important problem. In this case, we find the solution through estimation of coefficients (Φ(HH, A) and Φ (HH, B) ) to get the combined resulted in image. The detail coefficient measures the energy and its information entropy coefficient which may give more importance to the resulted image. The concept behind this assumption that the strong and weak edges, which we have already detected, is to yield detail final image. The detail edge information obtained in HH domain are and. The detail information is contributed to weak and strong edges. This information is required to give enhanced image by combination of the details. We perform efficient fusion on the basis of their weight strength. The suggested fuzzy membership function measure the information at each pixel position and neglect the possibility of detecting wrong edges. Let MF 3 and MF 4 are the membership function computes the contribution of the coefficient for energy and information, respectively. The coefficient MF prop (w) represents the importance of the combined image,
The fused detail coefficient w F is given by
The above equation represents the combining operator designed for high-frequency subbands. Based on this operator, the combined high-frequency components in wavelet domain can preserve all the salient features in source images and introduce as fewer artifacts or inconsistency as possible.
The inputs to the proposed algorithm are the edge information extracted from both test image and histogram equalized image. It yields an optimal weighted image on the application of designed set of fuzzy rules. In our case, the objective of the finding the optimal weights based on maximum edge information of the test and histogram equalized image of the same low-resolution image. We consider this approach which extracts information intelligently using soft computing technique of weak as well as strong edges present in the satellite image. The steps of proposed optimal edge enhancement approach are given in the proposed algorithm mentioned below Proposed Algorithm
Step 1: Read the low-resolution and low-contrast multi-spectral satellite image A.
Step 2: Histogram equalization is performed on Image A that yields an image B.
Step 3: DWT decomposition is performed on satellite images A and on histogram equalized image B, respectively. We obtain the corresponding coefficients Low-Low, Low-High, High-Low, High-High of low resolution satellite image A are Φ(LL, A), Φ(LH, A), Φ(HL, A), Φ(HH, A), respectively, and coefficients Low-Low, Low-High, High-Low, High-High of histogram equalized satellite image B are Φ
(LL, B), Φ(LH, B), Φ(HL, B), Φ(HH, B), respectively
Step 4: The high-frequency subband for each color satellite images Φ(HH, A) and Φ(HH, B) are bifurcated into three channels R A , G A , B A , respectively, and R B , G B , B B , respectively.
Step 5: Optimize parameters r, t, and s using PSO and forms the fuzzy edge map for the resultant HH subbands. This band is formed by compute the objective function in given equation no 5. The maximum value of objective function preserves the edge strength present in the satellite image.
Step 6: The new color fuzzy edge map is defined on the basis of fusion using equation no 8 of three resulted in color channel of HH subband detail information w A and w B .
Step 7: The detail information coefficient is combined using fuzzy membership function equation 1 and equation 3.
Step 8: Apply the inverse discrete wavelet transform (IDWT) sequentially in order to modify the higher domain coefficients using equation 11 with other all subbands.
Step 9: Finally, the enhanced satellite image has resulted Finally, the resulted image is reconstructed using IDWT of LL, LH, and HL band of histogram equalized image and high-frequency band obtained after the optimized combined image of high-frequency band.
Performance measures
To show the effectiveness of the proposed approach, we compared our statistical measures with other techniques. The performance of the enhanced image is evaluated visually and statistically. There are different statistical measures proposed in the literature. The technique like PSNR, MSE require reference image but reference image is not available for each condition. We measure our proposed approach by computing contrast assessment function (CAF) (Xie & Wang, 2010 ) and a measure of enhancement (EME) value (Agaian, Silver, & Panetta, 2007) . These measures calculate the value for proposed image. These measures do not require any reference image. The higher the CAF and EME value better the quality of the image.
Contrast assessment function (CAF)
The CAF function are given by where H is the entropy of the given image and C is the contrast of the image. Here, we take =1 and =1/4 for calculating the CAF value.
CAF =H +C https://doi.org/10.1080/23311916.2017.1392835
Measure of enhancement (EME)
The value of EME is calculated by the equation given by where k 1 and k 2 represent the total number of blocks of an input image, I max (k, l) represents the maximum value of the block present in an image, I min (k, l) gives the minimum value of the block present in an image, and c represents a small constant value which is added in the denominator part of logarithmic ratio in order to avoid dividing by zero. In this paper, we considered the 8x8 block size and c = 0.0001. 
Experiments, results & discussions
The proposed method is used for preserving the satellite edge map in color images. It has been implemented on Intel core i3 at 2.4 GHz using MATLAB version 2014. The optimal fuzzy edge estimation algorithm is tested on 150 images obtained from NASA's earth observatory satellite Lab images. Out of which we shows the seven satellite test images from Figure 3 It is observed with the proposed method that it well preserved the edges and increases the significant portion of the contrast as compared with the other existing approaches. The enhanced image shown in Figure 3 (ii) is observed with better edges as compared with other methods shown in Figure  3 (iii) and (iv). In other state of art methods the edge information are not well preserved during the enhancement process. Those images obtained after DWT-and DCT-based methods are increases the intensity value but loose information. It has been observed from Figure 3 (vi) the edges of blue color are shown but in Figure 3 (vii) and (viii) these edges are not shown properly. The DWT-based method increases the brightness and sometime distort the edge detail. The proposed method improves the edge detail as well as the contrast of the image. Edge details do not lose as shown in Figure 3 (x) as compared with Figure 3 (xi) and (xii). The image obtained from DWT is brighter than DCT-based approach but it cannot allocate the edge detail. For the test image shown in Figure 3 (xiii), the DCT-based method better than DWT as shown in Figure 3 (xv) and (xvi). The DWT-based method changes the detail of the image as compare to the DCT method but proposed approach enhanced the image without changing of the details. When we visually analyzed the resulted images with our proposed method then, it will found that our method accomplish the requirement of enhancement without scarifying the detail of the image as shown in Figure 3 (xviii), (xxii), and (xxvi). The difference here is to use the correction applies in higher region of DWT which preserve the edges. In the two existing approaches, the edge shows blurry due to the smoothing operation and looses the information. But the images formed with the use of proposed work are sharper in reconstruction after IDWT. The efficient use of details overcomes the limitation of color distortion. We found the information enhances in optimal way that give more detail without saturation.
It was found the proposed algorithm gives better CAF value and EME value than other methods as shown in Tables 1 and 2 . The CAF value which evaluates the intensity, entropy, and contrast value. It is clearly depicted from the Table 1 that the CAF value obtained in the proposed method is higher in comparison to the DCT-and DWT-based approaches in all seven test images. We have computed EME values for the images obtained with proposed method, DWT-based method and DCT-based method. The EME value of images obtained by employing proposed method is 14. 1886, 11.9619, 12.7564, 8.5995, 9.2419, 7.7436, and 11.0726 which is clearly higher than the other two existing 
